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Assay of ethanolamine ammonia-lyase activity. Bacteria were harvested in the exponential phase of growth (El;;, 0.8 to I -0) by centrifuging at 5000 g for 20 min, and disrupted using an Aminco-French pressure cell. Cell-free extract was obtained by centrifuging at I 00 000 g and 4 "C for go min. Assay mixtures contained (in a total vol. of I ml): Tris-HC1 buffer, pH 8, IOO pmol; ethanolarnine, 2 pmol; 5'-deoxyadenosyl cobalamin, 2 nmol; cell-free extract, I to 2 mg protein. Incubation was usually for 5 min at 37 "C. Reactions were started by the addition of extract, or by the addition of cofactor. The formation of acetaldehyde was measured colorirnetrically with N-methyl-benzothiazolone hydrazone (Paz et a/., 1965) as described previously . Coenzyme-B,, solutions were prepared immediately before use, treated to remove any hydroxocobalamin, and incubated with other components in subdued light (Joblin et al., 1975) .
RESULTS A N D DISCUSSION
Studies on the biosynthetic utilization of [14C]ethanolamine, with a variety of bacteria, showed that vitamin B,, was sometimes necessary for utilization of ethanolamine as a source of nitrogen for growth on glycerol plus mineral salts medium and for incorporation of radioactivity into cells (Clough, Shukla & Turner, 1975) . Escherichia coli and K. aerogenes showed a similar response when half of the nitrogen was present as (NH4),S04 and the rest as ethanolamine, the total amount (35 mg N/1) being growth-limiting (Fig. I) . When vitamin B1, (40 pg 1-l) was present initially, growth was paralleled by the incorporation of radioactivity into cells. In the absence of vitamin BIZ, growth was incomplete and no radioactivity was assimilated. After adding the vitamin, a second phase of growth occurred and radioactivity was incorporated, although to a smaller extent. It appeared that vitamin B12 was required for the deamination of ethanolamine. The presence of (NH4),S04 did not prevent the metabolism of [14C]ethanolamine when vitamin B,, was in the medium (Fig. ~a , c). Experiments with each nitrogen source over the range o to 60 mg N/1 showed that ethanolamine promoted about 30 % more growth than the equivalent amount of (NH,),SO,. The reason for this is not known.
A variety of ethanolamine analogues was used to examine the specificity of the vitamin B,,-dependent ethanolamine deamination system. 1,3-Diaminopropan-2-01 and a-phenylethylamine each served as a nitrogen source for the growth of E. coli and K. aerogenes on glycerol medium, but vitamin B12 was not required. Analogues incapable of serving as nitrogen sources were 2-aminobutan-1-01, I -amino-3-diethylaminopropan-2-ol, 4-amino-3-hydroxybutyrate, 2-aminoisobutyrate, I-aminopropan-2-01, I-dimethylaminopropan-2-01, 2-hydroxy-2-phenylethylamine and 2-methylaminoethan-1-01.
The fate of radioactivity from [14C]ethanolamine used as a growth-limiting nitrogen source (35 mg N/l) was investigated. After 20 h of growth, bacteria had assimilated about 25 % of the radioactivity supplied; they were then fractionated by the sequential extraction procedure of Roberts et al. (1957) . For both E. coli and K. aerogenes, the 'alcohol-soluble' fraction was the most radioactive, suggesting that radioactivity had been incorporated into lipids. When [14C]ethanolamine was growth-limiting ( 2 3 mM), the presence of 8 mwacetate in the medium reduced the incorporation of radioactivity by E. coli and K. aerogenes by 63 and 45 % respectively. A strong odour of acetaldehyde was noted during growth of each species on glycerol plus ethanolamine medium. It seemed likely that the vitamin B,,-dependent utilization of ethanolamine involved its deamination to acetaldehyde, which was further metabolized via acetate or acetyl-CoA.
Cell-free extracts of both species contained coenzyme-B,, (5'-deoxyadenosyl coba1amin)- , radioactivity assimilated by the bacteria, measured by filtering through Millipore filters and end-window counting.
dependent ethanolamine ammonia-lyases. Omission of substrate, cofactor or extract from otherwise complete reaction mixtures, demonstrated their requirement. Both enzymes had optimum activity at pH 7-5 to 8.0, the apparent K , values for ethanolamine and coenzyme-B,, were about 0.2 mM and 0.1 ,UM respectively (with coenzyme-B,, or ethanolamine saturating at the concentrations given in Methods), and vitamin B,, (cyanocobalamin) was a potent inhibitor. Under optimum conditions, enzyme activities of IOO to 230 nmol acetaldehyde formed/min per mg protein were measured for extracts of E. coli and K. aerogenes grown on glycerol plus ethanolamine medium. The enzyme activity in extracts of these aerobically grown bacteria is thus comparable in magnitude with that in extracts of the Clostridium sp. grown anaerobically on semi-synthetic medium containing ethanolamine (Kaplan & Stadtman, 1968) . Extracts of bacteria grown on glycerol plus (NHd2S04 (210 mg N/1) medium were devoid of ammonia-lyase activity but growth on medium containing both (NH&,S04 and ethanolamine as nitrogen sources (each non-limiting at 210 mg N/1) gave fully active extracts. Although ethanolamine was not needed for growth on medium containing (NH&S04, it induced ammonia-lyase formation. This finding accounted for the assimilation of [14C]ethanolamine in the presence of (NH,),SO, (Fig. I) . During the course of this work, Chang & Chang (1975) presented nutritional evidence for vitamin B,,-dependent ethanolamine deamination by Salmonella typhimurium L T~, E. coli
